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I. THE SENESCENT PHASE Methods Sarcina lutea and Serratia marcescens were grown in flasks containing 1000 ml. of ordinary nutrient broth. The flasks were incubated at room temperature (approximately 240C.), stoppered with cotton, and capped with lead foil to prevent excessive evaporation. The volume of the medium was kept constant by the periodic addition of sterile, double-distilled water. For a period of two years, duplicate plate counts of the number of cultivable bacteria were made at various intervals. During the 13th month of incubation, counts were made every other day for three weeks to determine any minor changes or fluctuations in the number of cultivable bacteria during this period.
Cultural characteristics During the prolonged period of incubation the reaction of the aging cultures of S. lutea and S. marcescens became alkaline, reaching pH 8.49 and 8.12, respectively, as measured by the glass electrode. This is striking, especially in the case of S. marcescens whose limit of reaction is usually considered to be pH 8.0. When the reaction of one-year old S. marcescens cultures was adjusted to pH 7.0, the count rose in two weeks from 7,500,000 to slightly over a billion cells per ml., thus slowly approximating the number of cells found during the maximum stationary phase.
Microscopic examination of the aging cultures showed intact cells, a considerable amount of debris, and "ghost" forms. The cells were typical in shape and grouping and gave characteristic reactions to the gram stain. As is usually the case with dead cells, most of the cells of S. lutea stained gram-negative. The physiologic reactions of transplants of these cultures in litmus milk, gelatin, citrate medium, and in tryptophane, nitrate, and sugar broths remained constant. In the case of S. marcescens, there was definite evidence of variation when the cultures were plated out. The colonies ranged in color from white to uniformly deep red, and in morphology from the tiny, glistening to the spreader type.
STUDIES ON LIPE AND DEATH OF BACTERIA
TIhat there are differences in resistance to adverse environmental conditions of cultures 3 to 6 hours old as compared with those 1 to 7 days old has been shown by Sherman and Albus (1923) . Hence it was thought desirable to determine roughly whether or not such a phenomenon had occurred in these aging cultures.
The methods of these investigators were followed in subjecting the two-year old cultures of S. lutea and S. marcescens to HgC12, phenol, and high temperatures. The action of HgCl2 and of phenol was tested by allowing the organisms to remain in contact with the chemical for definite time intervals after which one loopful of this suspension was transferred to a tube of nutrient broth. If no growth occurred in the broth within 48 hours, it was concluded that the organisms had been killed by the chemical agent. Young eight-hour old cultures of these organisms were run as controls.
The results, recorded in table 1, accord in general with those reported by Sherman and Albus in that they indicate physiologic differences between young and old bacterial cells. A repetition of the experiments gave similar results.
Sherman and Albus also found that mature cells may be agglutinated by acid whereas young cells are not. Several rough determinations of this kind were made on the aging cultures of S. marcescens and S. lutea, but no differences were noted between the agglutinability of the two-year old cultures and those 8 hours old.
Population studies of aging cultures Plate counts of these aging cultures showed the number of cultivable organisms to be remarkably high. Counts of from 5,000,000 to 30,000,000 bacteria per ml. were obtained during the thirteenth month of incubation. At the end of the two-year period the plate count of S. lutea was 1,000,000 bacteria per ml., while that of S. marcescens was 1,700,000 per ml. 2,000,000,000 10,000,000 1,800,000,000 2,000,000,000 1,100,000,000 1,700,000,000 2,500,000,000 1,400,000,000 700,000 300,000,000 Additional reactions S. marcescens, which rarely produces a metallic sheen when grown on nutrient agar, produced a very pronounced sheen when grown on its own cells. It was also observed that although S. marcescens produced no pigment when grown on the whole cells of E. coli, it again produced a deep red pigment when transferred to nutrient agar.
E. coli grew very meagerly on its own cells. However, when a sugar such as lactose was added, normal growth resulted. If the medium was made of cells of E. coli previously cultured on a nutrient agar medium rich in lactose it supported the growth of E. coli no better than did the medium made of cells propagated on ordinary nutrient agar. 
DISCUSSION
It seems that most investigators consider that bacteria in nutrient broth cultures die or decrease in numbers in a manner similar to and governed by the same laws which determine the manner or rate at which they die when subjected to such unfavorable environments as disinfectants. Apparently little or no effort has been made to learn the fate of the culture after the rapid drop in numbers following the maximum stationary phase. Most workers seem to have concluded that the decline continues quite steadily until the culture reaches sterility. This may be the case when bacteria are grown in media containing a fermentable sugar or when bacteria are acted upon by strong disinfectants.
The results of this investigation indicate that the period of death is not necessarily one of regular decrease when bacterial cultures are grown in ordinary nutrient broth. This is evident from the small rises and falls in the curve which probably indicate spurts in multiplication. In general, however, the curve secured when the logarithms of the numbers of bacteria are plotted against time shows a slow, almost unnoticeable decline. With such data as evidence, it seems that we are here presented with a period in the life of bacterial cultures which has not had its due share of recognition. We consider it a distinct phase in the culture cycle of bacteria and suggest that it be designated as the "senescent phase." This is in accord with the terminology used in connection with the other parts of the growth curve. Whether all bacteria possess this phase will require further investigation.
Any discussion as to how the senescent phase is maintained Kollath (1924) in reference to a similar phenomenon. This phase of the work is being further investigated.
SUMMARY
Periodic plate counts made of aging broth cultures of Sarcina lutea and Serratia marcescens showed the numbers of cultivable bacteria remaining in the cultures to be remarkably high even after two years incubation. Similar findings have been obtained with a number of other organisms after one year of incubation. Readjusting the reaction of the cultures of S. marcescenr from pH 9.0 to 7.0 gave a definite increase in the number of viable organisms.
Microscopic examination of these aging cultures did not show much cellular variation, although on plating colonial variation was evident in some instances, especially with S. marcescens. The species retained their physiologic and gram stain characteristics. Rough determinations indicated that the aging cells possessed a marked resistance to adverse environmental conditions.
When the counts were plotted logarithmically, the resulting curve, after the initial drop following the maximum stationary phase, tended to level off and maintain an almost imperceptible decline. Small rises and falls in the curve were still apparent
